sponse to interconnect terminal has been studied (Zhang. J, 2014 R. Vaughan, et al, 2010 , studied the integrity signal under combined Finite Difference Time Domain (FDTD) method with finite element method (Bao. G, 2005) .
BASIC THEORY OF S PARAMETERS
Electric and magnetic fields will be formed between the inner and outer conductors of the RF cable, when signal voltage is loaded and the signal current flows through the cable inner and outer conductors. With the changes in signal voltage, electric and magnetic fields between inner and outer conductors of the RF cable are changing over time. Thus, time-varying electromagnetic fields will determine the variation of voltage and current radio frequency cable. Therefore, electromagnetic theory and distributed parameter circuit ( Fig. 1 ) theory will be used when studied the RF cable signal transmission characteristics. 
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ABSTRACT: Radio frequency (RF) cable is the main physical carrier of signal transmission. Signal transmission of RF performance is affected by multiple factors. In the paper, 3D finite element analysis of RF cable was built and signal attenuation characteristics of single factor for RF cable was studied, such as insulating layer thickness, the frequency and ambient temperature. By orthogonal design, insertion loss and variance analysis of nine parameters for RF cable were discussed. And results show that the more thickness RF cable insulation increases, the less signal attenuation characteristic deceases. The more signal frequency increases, the more signal attenuation characteristic increases. The higher temperature increases, the more signal attenuation characteristic increases. Insertion loss was affected by multiple factors ranked in order from big to small, signal frequency, insulation thickness, ambient temperature, maximum significant. KEYWORD: RF cable, Signal attenuation, Orthogonality design, Regression mode 4th International Conference on Mechanical Materials and Manufacturing Engineering (MMME 2016) RF cable in uniform, each circuit parameters is evenly distributed over cable, the voltage and current cable is a function of time (t) and distance(x). To take a length of x  which is micro-segmentation to study on the RF cable, when 0 x   , you can ignore x  the distribution of circuit parameters on the micro segment, and then replaced with a lumped parameter circuit equivalent, thus, the whole uniform RF cable be viewed as consisting of countless x  . Fig. 2 is a RF cable x  microsegment. (Fig. 3) is surrounded by an axis formed between the inner and outer conductors of the two-conductor system, according to isolated by an insulating material between the inner and outer conductors, then entire cable from the outermost layer of protection. In this structure, due to the presence of the outer conductor can be shield the influence of external electromagnetic environment of their transmitted signals, but also can reduce the external radiation of electromagnetic energy cable by itself, so that the signal only can be transmitted within the cable from one end to another. Geometric parameters of the simulation model are shown in Table 1 . The inner and outer conductors are silver plated copper conductor, insulation and jackets are poly-tetra-fluorine-ethylene (PTFE). Finite element analysis of material properties at room temperature are shown in Table 2 , where in the metal festivity, thermal conductivity and thermal conductivity of the insulating material, the dielectric constant is variable with respect to temperature, while the dielectric constant of the insulating material is variable with signal frequency. shows that the same type of RF cable insertion loss with increasing signal frequency increases when a certain frequency through the RF cable, RF cable will have a skin effect between the inner and outer conductor, and the more signal frequency increases, the more skin depth shallow, the effective resistance of the conductor is also growing, the signal on conductor loss is growing too. For the insulating layer media, with the increasing signal frequency, the dielectric constant is increasing as follow, so the dielectric loss will increase.
Ambient temperature is impact on RF cable signal transmission characteristics
Keeping other parameters unchanged, only change the RF cable where the ambient temperature, set temperature range is 20℃-150℃, the insulating layer having a thickness of 1.053mm RF cable insertion loss show that the inner and outer conductors of the RF cable resistance increases when ambient temperature rise. At the same time, when ambient temperature rise, the dielectric constant of the insulating layer with the ambient temperature also increases, resulting in an increase in dielectric loss. In addition, Fig 4 shows the signal frequency in 1GHz, the signal attenuation is less impact on temperature; as the signal frequency increases to 18GHz, the signal attenuation is growing during the recent influence of ambient temperature.
MULTIPLE FACTORS ANALYSIS SIGNAL INSERTION LOSSES OF RF CABLE
Using orthogonal design parameter combinations RF cable structure design, ambient temperature and signal frequency to ensure that a minimum number of parameter combinations to get all the information of the selected parameters on radio frequency cable signal transmission characteristics. Then using the finite element method, finite element analysis of signal transmission characteristics in the abovementioned combination of RF cable parameters and other conditions of the cable, and then get the degree of influence of each parameter on the RF cable signal transmission characteristics, and finally obtain the required combination of parameters.
Orthogonal test design
In the multivariate experiments, when a comprehensive test, the number of tests and experimental treatment will rapid growth with the factors and the number of cells increasing, it is impossible to test all of the arrangements in the first treatment. By orthogonal table to pick out parts of a strong representation of treatment combinations to do the test can be a good solution to the full implementation of multivariate test in many times and the problem is difficult to control the condition. In the orthogonal table, including factors and levels, the presence of factors will affect the test results, and each level is represented by a combination of different factors. According to RF cable signal loss, select the three key factors affecting the RF cable signals: an insulating thickness H , the ambient temperature T , the signal frequency f . Three factors and three levels were selected to show in Table 1 . According to the principles of orthogonal experiment design parameters derived factor level quadrature signal loss RF cable as shown in Table 3 . Table 3 Shows that a total of nine different level combination of parameters insertion loss of RF cable signal, the corresponding RF cable build nine threedimensional simulation model based on these nine kinds of RF cable parameters combination, after set 9 different insertion loss in computer simulation, as shown the last below in Table 3 . As apparent from Table 3 , the thickness of the insulating layer is 0.48mm, ambient temperature is 150 ℃and the signal frequency is 18GHz, the maximum attenuation of the RF signal cable is -45.853dB, so as the number 3 of parameter combinations in table. Similarly, the insulating layer thickness is 1.53mm, ambient temperature is 80 ℃and the signal frequency of 1GHz, the RF cable signal attenuation minimum for -2.918dB, namely the number 8 of parameter combinations in table.
Range analysis of signal insertion loss of RF cable
The signal transmission characteristics 21 S obtained by orthogonal experiment table 3. Range analysis of insertion loss RF cable obtained results shown in Table 4 . T(℃) , that is the signal frequency on the RF cable signal transmission characteristics 21 S in maximum, followed by an insulating layer thickness, the ambient temperature on the least impact. AS analysis results shown, RF cable signal frequency is huge impact on signal transmission characteristics, when the trial of the RF cable environment, in order to ensure the integrity of the radio frequency signal transmission cable, the frequency of their trial environment is extremely important.
Variance analysis of signal insertion loss of RF cable
From the preceding analysis shows that the use of visual range analysis can quickly affect the various factors according to size of the sort, but the accuracy of the results and analysis of variance for tight phase is lack. In addition, significant analysis factors also need to be determined by analysis of variance.
In this study, orthogonal each column is not saturated, there is a blank line, which can be regarded as the error term corresponding factor analysis of variance which is necessary to avoid the error terms obtained by experiment is repeated estimates the amount. Signal transmission characteristics 21 S of the test results variance analysis table as shown in Table 5 . F is a non-significant factor. These analytic results show that the factors affecting the RF cable signal transmission characteristics of the signal frequency is the largest and also significant. The other two factors RF cable signal transmission characteristics less affected, and Nonsignificant. With the further illustrates that the biggest affect factor in the radio frequency signal transmission cable for signal transmission characteristics.
CONCLUSIONS
The following conclusions can be found according to experiment:
Size of the RF cable, the temperature of the environment and the frequency of the transmitted signal will have an impact on its insertion loss 21 S . In other conditions remain unchanged, only changing one factor, the RF cable insertion loss is decrease with increasing insulation layer thickness, in other words with the increase of the RF cable insulation thickness, RF cable signal attenuation smaller. RF cable insertion loss increases as the ambient temperature and signal frequency increases, the greater attenuation of the RF signal cable.
By orthogonal test design, range analysis showed that the effect of RF cable insertion loss factor in the order of: the signal frequency the greatest impact, followed by an insulating layer thickness of the RF cable, and finally the ambient temperature. And get in the insulating layer having a thickness of 1.53mm, ambient temperature is 80 ℃and the signal frequency is 1GHz, RF cable signal attenuation minimum for -2.918dB.
